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SUMMARY 

Programs to develop research Instrumentation for use on hot section com- 
ponents of turbine engines are discussed. These programs can be separated 
Into two categories: one category Includes Instruments which can measure the 

environment within tne combustor and turbine components, the other Includes 
Instruments which measure the response of engine components to the Imposed 
environment. Included In the first category are Instruments to measure total 
heat flux and fluctuating gas temperature. High temperature strain measuring 
systems, thin film sensors (e.g., turbine blade thermocouples) and a system to 
view the Interior of a combustor during engine operation are programs which 
compose the second category. The paper will describe the state of development 
of these sensors and measuring systems and. In some cases, show examples of 
measurements made with this Instrumentation. The discussion will cover work 
done at the NASA Lewis Research Center and at various contractor facilities. 


INTRODUCTION 

In the late 1970's, NASA and the turbine engine community In the United 
States became aware of a need to be able to design more durable hot sections 
(l.e., combustors and turbines) for new generations of engines. This concern 
was prompted by an upward trend In the percentage of maintenance costs attrib- 
uted to the hot sections of engines In commercial service. A multidisciplinary 
program was started to work on this problem (ref. 1) which included Instrumen- 
tation developments to (1) better define the environment to which hot section 
components were exposed, and (2) measure the response of hot section components 
to that environment. Specifically, these Instrumentation development projects 
Include the following: 

(1) Development of sensors for measuring total heat flux on combustor 
liners and turbine airfoils. 

(2) Development of a system to measure the fluctuating component of com- 
bustor exit temperature with a frequency response to 1000 Hz. 

(3) Improvement In the capability to measure high temperature structural 
strain. 

(4) Development of thin film sensor technology suitable for operating thin 
film thermocouples and other sensors on hot section surfaces. 

(5) Development of an optical system for recording visual Images from the 
Interior of a combustor during operation. 


This work has been done both at NASA Lewis and at contractor facilities. 

TM< naner will describe the state of development of these projects and 
in so2 111! IhSl Samples of data obtained with this advanced 

Instrumentation. 


heat flux sensors 

One of the Important parameter-, of the environment Imposed on hot section 
ST*. ; operating ^^’".'permlt 

surface temperatures with acceptable accuracy. This Is especli true as 

^i d "u/s^s»rr;is a Srrir t 2d\^:v.lcitirtentrr! ?orus. W 1 n combustor 
liners (ref. 2). Later work Involved mounting heat flux sensors n o a 
cooled turbine blades and vanes. 

We used conventional sensor concepts In this work; we measured the temper- 
ature difference generated by the heat conducted through the sensor body. The 

nicked- and cobalt-based superalloys to determine If their thermoelectric 
potential was suitable for use. 

Flnures 1 and 2 show the sensors that were developed for measurements In 

. u nAP sensors were built In a disk of material 0.8 cm In 

a combustor liner. The sensors we After calibration the sensors 

^ e ;rb^e]d.d?nto holes cut In the liner bssemblles^ 

thermocouple provides the temperature of the cold side of the liner. 
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junction Is also made on the sidewall of the cavity. After the thermocouples 
are Installed, the cavity Is filled with ceramic cement. 

Sensors of both types have been successfully fabricated, calibrated, and 
used In combustor test rigs. Information on sensor calibration and a sample 
of experimental results will be presented later In this section. 

Sensors of the embedded thermocouple and Gardon gauge types have also been 
built Into air cooled turbine blades and vanes. In the case of turbine blades, 
two piece blades were used and the sensors were Installed from the cooling 
passage side of the blade. The two half-blades were then joined by brazing. 

In the case of the vanes, sections of the' vane wall opposite to the des red 
sensor site were removed and the sensors were Installed from the cold side 
through this “window." Figure 3 depicts the Installation process In a turbine 


The heat flux sensors were experimentally calibrated over a heat flux 
range up to 1.7 HW/m 2 and a temperature range up to 1250 K. The calibrations 
were accomplished by Imposing a known radiant heat flux on the hot side surface 
of the sensor and flowing cooling air over the cold side surface. The hot side 
surface was coated with a high temperature black paint with a measured absorp- 
tance and emlttance of 0.89 over the test temperature range. In all cases the 
reference temperature was measured and used to estimate a hot side surface 
temperature from which the energy being radiated away from the hot side surface 
was calculated. Estimates were also made of the convective heat flow away from 
the hot side surface and used as a correction to determine Ihe heat flux being 
conducted through the body of the sensor. 

The calibration systems used banks of tungsten filament lamps enclosed In 
quartz tubes as heat flux sources; the most powerful rig provided maximum heat 
fluxes as high as 1.7 MW/m 2 . The quartz lamp rigs were capable of long time 
and cyclic operation at reduced heat fluxes. Thermal cycling and drift tests 
were run on the heat flux sensors using this capability. 

Calibration and performance tests on total heat flux sensors have Indi- 
cated that measurements can be achieved fairly readily on combustor liners, 
but that measurements on airfoils are difficult to achieve. Combustor liner 
measurements have been made both at a contractor facility and at NASA Lewis. 
Figure 4 shows an Instrumented combustor segment. Figure 5 compares measured 
values of total heat flux conducted through the liner and radiant heat flux 
Incident on the liner at different combustor pressure levels. The lower total 
heat flux compared to the radiant flux Indicates that there Is significant 
convective cooling of the hot side surface. 

Tests on sensors mounted In turbine airfoils Indicate that these sensors 
are sufficiently sensitive to transverse gradients In heat flux and/or temper- 
ature that applications In blades and vanes must be carefully evaluated. The 
greater complexity of blades and vanes (e.g., high curvatures and cooling pas- 
sage structure) causes more severe gradients than were encountered In combustor 
liners. Sensitivity to transverse gradients Is especially critical In the 
Gardon gauge sensor because of Its lack of symmetry. 
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DYNAMIC GAS TEMPERATURE MEASURING SYSTEM 


Another Important parameter defining the environment In the hot section 
of a turbine engine Is the gas temperature. In general, however, most atten- 
tion has been directed at the time average value of the gas temperature rather 
than the fluctuating component of the gas temperature. It Is generally agreed 
that there may be significant temperature fluctuations In the gas exiting a 
combustor due to Incomplete mixing of the combustion and dilution gas streams. 
It Is also agreed that thermal cycling of the surfaces of vanes and blades can 
result In accelerated spalling of oxide films used for corrosion protection and 
thus shorten the life of the blades or vanes (ref. 1). As a result, one of the 
Instrumentation development efforts was a system to measure the fluctuating 
component of combustor exit gas temperature to a frequency of 1000 Hz (ref. 3). 

The approach used In this work was to devise a way to determine In situ 
the compensation spectrum required to correct the signal from a thermocouple 
probe located In the gas stream. Frequency compensation has often been used, 
especially with hot wire anemometers, In the measurement of dynamic flow phe- 
nomena. The classical problem with this technique when applied to a thermal 
element such as a thermocouple In a flow stream Is that the required compensa- 
tion spectrum Is a function of both the thermal mass of the thermocouple and 
the heat transfer coefficient between the gas and the thermocouple surface. 

The heat transfer coefficient depends on the gas properties and velocity. This 
means that each time the flow conditions change, a new compensation spectrum 
must be determined. In some cases estimates of the compensation spectrum may 
be sufficient; In this case It was Important to be able to determine the com- 
pensation spectrum In situ. 

The system that was developed uses a dual element thermocouple probe such 
as shown In figure 6. Thermocouples are formed with carefully butt welded 
Junctions so that there Is no enlargement In the region of the Junction. These 
thermocouples are each supported across a pair of support posts so that they 
are parallel cylinders In cross flow. In close enough proximity (approximately 
1 mm) so that they are measuring the same gas temperature. The thermocouple 
Junctions are midway between the support posts. The two thermocouples have 
different diameters, commonly 75 and 250 urn. The dynamic signals from these 
two thermocouples of different diameter can be used to determine the compensa- 
tion spectrum. The technique Is based on the use of the ratio of the Fourier 
coefficients of the dynamic signals for frequencies In the region where the 
signals become attenuated. In the system which has been developed, the thermo- 
couple signals are recorded on magnetic tape and processed In a general purpose 
digital computer at a later time. The data reduction process takes approxi- 
mately 5 min for each flow condition for which a new compensation spectrum 
must be developed. 

This system has been used to measure fluctuating temperatures In both 
turbine engines and In combustor test rigs. A sample of data from a turbine 
engine test Is shown In figure 7. In this test the thermocouple was located 
between first stage turbine vanes; the thermocouple was made from ISA Type B 
( Pt70-Rh30/Pt94-Rh6) wire. Figure 7 shows four plots of temperature fluctua- 
tion versus time. Figure 7(a) and (b) show the uncompensated signals from the 
75 and 250 pm thermocouples. Note that the temperature scales on these plots 
have been adjusted so as to display the waveforms. Also note that the rms tem- 
perature Is listed on each plot. Figure 7(c) shows the compensated signal from 
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the 75 ym thermocouple and figure 7(d) shows an expanded time segment of that 
signal. The rms value of the compensated signal Is 218 K. 


HIGH TEMPERATURE STRAIN MEASURING SYSTEMS 

The most ambitious Instrumentation development effort In this program Is 
the development of strain measuring systems. The target goal for high temper- 
ature structural strain measurement Is to measure strain (approximately 2000 
microstrain, maximum) at temperatures up to 1250 K with an uncertainty of 
±10 percent. This requirement Is for relatively short term testing; a 50 hr 
life Is considered sufficient. Spatial resolution of the order of 3 mm Is 
desired and where measurements are required on blades and vanes, large temper- 
ature gradients are anticipated. In general, the requirement Is for steady 
state measurements as differentiated from dynamic (fluctuating component only) 
measurements . 

The principal candidate for making strain measurements under similar but 
lower temperature conditions (less than approximately 700 K) Is the electrical 
resistance strain gauge. However, at the higher temperatures, strain measure- 
ments become Increasingly difficult and the commonly used strain gauges are 
marginal at best. As the required temperature range Increases, the magnitude 
of the correction for apparent strain becomes substantially larger than the 
strain signal and the uncertainty of the correction becomes excessive. To meet 
the measurement goals listed above, the uncertainty of the apparent strain cor- 
rection must be less than ±200 microstrain. Assuming a gauge factor of two, 
this requirement translates to a repeatability of the resistance versus temper- 
ature for the mounted strain gauge to well within ±400 parts per million (ppm). 

The approaches we are taking to Improve our high temperature strain mea- 
suring capability consists of: 

(1) developing Improved high temperature strain gauges 

(2) learning how to better use available strain gauges 

(3) developing optical strain measuring systems as alternatives to 
resistance strain gauges. 

The following sections will discuss these three areas of work. 


Development of Improved High Temperature Strain Gauges 

In attempting to develop improved high temperature resistance strain 
gauges, we are emphasizing development of alloys with very repeatable resist- 
ance versus temperature characteristics. We tested a number of alloy compo- 
sitions from five alloy families. These alloy families are FeCrAl, NICrSI 
(Nlcrosll), PtPdHo, PdCr, and PtW. In all cases, except for the thermocouple 
alloy Nlcrosll, we looked at a range of alloy compositions. Alloy samples were 
prepared In the form of cast rods which were then machined Into suitable test 
samples. Measurements were made of resistance versus temperature over a number 
of temperature cycles In which cooling rates were varied from 50 to 250 K/mln. 
Additional tests Included oxidation (weight gain method) and resistance drift 
for up to 3 hr In air at 1250 K. The results of these tests Indicated that two 
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alloys, one In the FeCrAl family and one In the PdCr family, had the best 
potential for high temperature strain gauge applications. 

The FeCrAl alloy was designated as "Mod. 3". The ipparent strain for this 
alloy at temperatures up to 1250 K Is compared with the apparent strain of the 
commercial Kanthal A-l alloy In figure 8. In this case both samples were 
annealed for 2 hr at 1150 K prior to testing. The apparent strain of the 
Mod. 3 alloy Is much less than that of the Kanthal A-l and shows comparatively 
little change for different cooling rates. This alloy does, however, exhibit 
different resistance versus temperature characteristics, depending on previous 
thermal history. Figure 9 Illustrates this effect for exposures to 1250 K In 
air for times ranging from 10 to 105 hr. Because of this effect, work on this 
alloy has been deemphaslzed In favor of the PdCr alloy. 

The PdCr alloy has a resistance versus temperature curve which Is charac- 
teristic of a binary solid solution alloy with no phase or Internal structure 
changes being evident. The resistance Is essentially linear with temperature 
and not affected by changes In cooling rate or previous thermal history. 
Cycle-to-cycle repeatabllty of the fractional change In resistance with temper- 
ature for four thermal cycles to 1250 K was excellent; the average (over the 
temperature range) standard deviation was 130 ppm and the worst deviations were 
at approximately 700 K with a standard deviation of 245 ppm. The long term 
drift of cast samples of this alloy at 1100 and 1250 K In air and In argon Is 
shown In figure 10. It should be noted that these data Imply a repeatability 
In resistance measurement to the order of a hundred ppm; It Is likely that some 
of the fluctuations In these curves Is attributable to the measuring system 
rather than the resistance of the alloy samples. 

The repeatability of the PdCr alloy Is the characteristic that we feel Is 
essential for high temperature strain gauge work. However, there are other 
properties required for good strain gauges and the PdCr alloy may not neces- 
sarily be Ideal In these other considerations. The temperature coefficient of 
resistance Is high enough that active compensation will be required; the added 
complication and larger gauge size required for this will have to be acconmo- 
dated. Other potential problems such as oxidation resistance of high surface- 
to-volume ratio thin films and fine wires, gauge factor changes with 
temperature, and the elastic/plastic strain properties are still under 
Investigation. 


Work with Available Strain Gauges 

Learning how best to use available strain gauges In high temperature 
applications requires that considerable experimental work be done to explore 
strain gauge characteristics and devise optimum procedures for specific appli- 
cations. Such work Is very time consuming, especially when tests at many dif- 
ferent temperatures are required. Consequently one of our objectives In this 
work was to establish a computer controlled testing capability at NASA Lewis 
so that testing could be accomplished with minimal operator attention. 

The automated strain gauge test laboratory has the capability to measure 
apparent strain and gauge factor over a range of temperatures from 300 to 
1370 K. The laboratory has two ovens (one of which contains a test fixture 
for a constant strain beam), a computer controlled actuator for deflecting the 
beam, strain gauge and temperature Instrumentation, and a computer based con- 
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troller and data collection system. An IBM PC XT Is used as the system con- 
troller and data system. Communication between various parts of the system Is 
accomplished on an IEEE-488 data bus and an RS-232 serial Interface. A micro- 
computer system was custom built to Interface a ten channel strain gauge Indi- 
cator system to the IEEE-488 data bus. A test profile Is constructed by typing 
a series of time and command statements Into a data set. Figure 11 shows a 
block diagram of the system. 

One approach to better utilization of available strain gauges Is outlined 
In reference 4. In this work, using Kanthal A-l FeCrAl alloy, It was deter- 
mined that the apparent strain of the gauge was affected by the rate at which 
the alloy Is cooled from the highest use temperature. Further, the apparent 
strain versus temperature for the next heating cycle followed that established 
by the cooling part of the previous cycle. A repeatable apparent strain versus 
temperature could be obtained If the rate of the cooling could be reproduced 
each time. This Implies that a repeatable apparent strain correction term can 
be obtained by matching the cooling rate during apparent strain calibration to 
the cooling rate Impressed on the strain gauge during use. It Is necessary, 
of course, that the cooling rates during use must be controllable, and this Is 
not always the case. But for the work of reference 4, the cooling rates could 
be matched and the result was usable static strain measurement at temperatures 
up to 950 K. 

Work following this approach has been undertaken at NASA Lewis. 

Hastelloy X plates 13 by 20 cm were Instrumented with Kanthal A! and Chinese 
FeCrAl 700 ®C (ref. 5) strain gauges, and a plate holding fixture was made that 
permitted cooling gas to flow over the plate uniformly so as to get controlled 
cooling rates. The Kanthal A-l gauges were mounted using a flame sprayed alu- 
minum oxide and ceramic cement process and the Chinese gauges were mounted with 
ceramic cement following the procedure supplied with the gauges. The plates 
were also Instrumented with 10 thermocouples so as to provide the temperature 
distribution In the area of the strain gauges. Apparent strain measurements 
were made over the temperature range from 300 to 950 K with cooling rates con- 
trolled at 0.1 K/sec, 1.0 K/sec, and 5.6 K/sec. A sample of the resulting 
resistance change versus temperature data Is shown In figure 12. Plotted here 
are fractional changes In resistance versus temperature for one of the Kanthal 
A-l and Chinese strain gauges, for the three different cooling rates. The data 
for the Kanthal A-l gauge show that there Is a large dependence on cooling rate 
and that the resistance of the gauge Is repeatable at the maximum test temper- 
ature. The resistance change for the Chinese gauge Is Independent of cooling 
rate at 300 and 950 K, but at Intermediate temperatures the curves deviate 
depending on cooling rate. The maximum deviations In these curves are In the 
temperature range from 650 to 800 K, roughly the same temperature region In 
which high drift rates have been reported for the Chinese alloy (ref. 6). 


Optical Strain Measurement 

Optical systems may not provide exact alternatives to resistance strain 
gauges for all turbine engine applications, but they appear to have excellent 
potential for providing high temperature, noncontact, two-dimensional strain 
measuring systems with virtually unlimited strain range. An optical technique 
that requires no modification to the surface under test uses laser speckle 
patterns. These patterns are formed by constructive and destructive Interfer- 
ence of laser light reflected from a diffuse surface. The source of the pat- 
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tern Is the Irregularities In the surface; when the surface Is distorted, for 
example, by strain In the plane of the surface, the speckle pattern Ranges. 
Precise measurements of changes In recorded speckle patterns can provide Infor- 
mation on the strain Imposed on the surface. A practical Implementation of 
this technique Is a laser speckle photogrammetrlc system In which speckle pat- 
terns are recorded on photographic film (ref. 7). Speckle pattern photographs 
(called specklegrams) are made at different Increments of loading of the test 
sample and then pairs of specklegrams are examined In an automated Interfero- 
metric photocomparator which uses heterodyne techniques to provide acceptable 
resolution for the measuring system. No attempt will be made here to describe 
this system In detail; It has been thoroughly described In the open literature. 


The laser speckle photogrammetrlc system has successfully measured high 
temperature surface deformation. Reference 7 describes an experiment to mea- 
sure the thermal expansion of an unrestrained plate of Hastelloy X at tempera- 
tures up to 1150 K. The plate was heated In a laboratory furnace to 1150 X and 
then allowed to cool to 500 K over a period of several hours. Specklegrams 
were recorded at roughly 200 K Intervals during the heating and cooling and 
succeeding specklegram pairs were used to determine the thermal expansion of 
the plate. Measured thermal expansion agreed with values calculated from the 
temperature and the thermal expansion coefficient to within 3 percent. 

We have attempted to use the laser speckle photogrammetrlc system In test 
cell environments. In one attempt we recorded specklegrams of a combustor 
liner In a high pressure, high temperature combustor test rig (ref. 4). In 
this test, speckle pattern photographs were taken through a viewing port In 
the pressure vessel of the test rig as combustor temperature and pressure were 
varied. A potential problem In this application Is that the high pressure 
cooling air flowing over the exterior surface of the combustor liner Is In the 
optical viewing path, and turbulence In the gas flow may cause sufficient 
optical distortion to prevent correlation of succeeding pairs of specklegrams. 
Examples of distorted and undistorted specklegrams are shown In figures 13(a) 
and (b). This effect proved to be a fundamental limitation for the measuring 
system In this application when combustor pressure was higher than approxi- 
mately three atmospheres. We Intend to explore further high-temperature appli- 
cations of optical strain measuring systems. 


THIN FILM SENSORS 

One of the fundamental concepts of experimentation Is that the sensors 
used to get the experimental data must not perturb the subject of the experi- 
ment from Its condition prior to the Introduction of the sensors. In turbine 
engine testing there are many situations in which this concept may be violated. 
A prime example of this problem Is the measurement of turbine blade or vane 
surface temperature. Previous technology Involved laying sheathed thermocouple 
wire Into groves cut Into the surface of the blade or vane, then covering the 
Installation and smoothing the airfoil contour. Although the airfoil contour 
Is restored, the thermocouple disturbs the temperature distribution, does not 
give a true measure of outside surface temperature, and threatens the Integrity 
of the structure of thin walled blades and vanes. 

The thin film thermocouple shown In figure 14 appears to be an Ideal 
solution for blade and vane surface temperature measurement (refs. 8 to 1U). 

As seen In the cross-sectional sketch of the sensor In figure 15, the sensor 
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technology for thin film thermocouples on turbine blades and va " e ? £ a * *j* e . 
developed^to the extent that Instrumented blades and vanes are being used In 
turbine engine tests at temperatures of approximately 1000 C. 

Thin film strain gauges on compressor blades are also In use In turb1 "® „ 
.MlnTtMtl Tor blade vibration (refs 11 and 12). In these sensors 

the strain gauges are NICr alloy and the Insulating films are either S1 3 4 
or AI2O3 deposited directly on the polished blade surface. 

Thin film sensor development work Is going on both at contractor 
tles and at NASA Lewis. The thin film sensor laboratory at NASA Lewis Is shown 


COMBUSTOR VIEWING SYSTEM 

Another way to determine the response of a component to the b °t section 
environment Is to monitor visual Images of that component during operation. 
tmc i? not llkelv to produce quantitative data, but In some cases, quail 
I! l; 1 e ;Sf c?eJt or eve . preferable. A case In point Is the Combustor View- 
iSS S^tem (ref 13). This system was designed to provide recorded Images of 

!S UlllrtlSt!™ sLce. and system controls. This system has been developed 

and has been used In both combustor and engine tes *f:,. s “55 e J“r! n !! Service 
tlal development program, additional systems were built and put Into servic 

In a1rcraft P eng1ne development work and In testing turbine engines used to 

generate electrical power. 

The probe with Its actuator Is designed to mount directly JJ ?" t ® n fi ne ° r 

S2K S»?r M w Hffi 53 

oriented 45- to the axis of the probe. 
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The narrow field of view probe has lenses for 35® and 13® fields of view that 
are oriented 60® relative to the probe axis. Both probes are water cooled and 
gas purged and are capable of operating within the primary zone of a combustor. 

Figure 17(a) and (b) shows cross section views of the ends of the wide and 
narrow fields of view probes. In each case an Image conduit Is used to trans- 
fer the Image through the length of the probe. The Image conduit Is a fused 
bundle of fibers 3 mm In diameter and consists of about 75 000 fibers of 10 ym 
diameter. Each of these fibers corresponds to a picture element. The Image 
conduit Is 33 cm long and Is coupled to a flexible fiber bundle which connects 
the probe to the optical Interface unit. Each probe Is also equipped with two 
1 mm diameter plastic clad fused quartz fibers used for Illumination when 
required. 

The optical Interface unit contains cameras, filters, and an Illumination 
source. Either film or video cameras can be remotely selected and up to eight 
filters can be Inserted Into the viewing path. The Illumination source Is a 
mercury arc lamp which Is focused on the ends of the Illumination fibers. 


CONCLUDING REMARKS 

This paper has reviewed the state of development of a number of advanced 
Instrumentation projects applicable to the hot sections of turbine engines. 

From the context of the discussion presented It should be clear that most of 
these projects are complete and the Instrumentation Is In use. This Is the 
case for the Combustor Viewing System, the Dynamic Gas Temperature Measuring 
System, total heat flux sensors, and thin film thermocouples. Work In the 
general area of thin film sensors Is continuing In order to further Improve the 
technology and expand sensor types and applications. The work to Improve our 
high temperature strain measuring capability Is still In progress. 
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Figure 6. - Dual element thermocouple probe for measuring fluctuating 


GAS TEMPERATURE. 





TIME, M/SFC 

(c) 75 Thirmocoupie compensated. (D) 75 UN Thermocouple COMPENSATED. 

Figure 7. - Dynamic gas temperature signals from an engine test. 
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Figure 8. - Apparent strain of Kanthal A-1 
and FeCrAl Mod #3 as a function of tem- 
perature. Apparent strain is calculated 

FROM FRACTIONAL RESISTANCE CHANGE ASSUM- 
ING A GAUGE FACTOR OF 2.0. 
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Figure 9. - Effect of soar time at 1250 K on the resistance 

VERSUS TEMPERATURE CHARACTERISTIC OF FeCrAl MOO Hi. 
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Figure 10. * long-term drift of PdCr alloy in argon and air. 

DRIFT in TERMS OF STRAIN CU./L) IS CALCULATED FROM FRAC- 
TIONAL RESISTANCE CHANGE ASSUMING A GAUGE FACTOR OF 2.0. 
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Figure 11. - Block diagram of 


THE HIGH TEMPERATURE STRAIN GAUGE TESTING SYSTEM. 
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Figure 12. - Fraction** 
Kant mal A*1 ano /OO 1 
INC RATES. 


RESISTANCE CHANCE VERSUS TEMPERATURE FOR 

; Chinese gauges with three different coot 


Speckiegran of combustor liner with no distortion DUE to FLOW 


Figure 13(a) 
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FIGURE 15(H). * SPECKLEGRAM Of COMBUSIOR LINER Ml TH DISTORTION F ROM 
T HR Bill fNT GAS FLOW. 


Figure 14. - A turbine vane instrumented mith thin film thermocouples 
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THE STABLE ADHERENT A^Oj INSULATING LAYER IS OBTAINED 
BY AT LEAST 50-hr OXIDATION (AT 1300 K) OF THE COATING. 
FOLLOWED BY AI 2 O 3 SPUTTERING. 


FicuRt IS. - Thin film thermocouple cross section 


Figure 16. - Thin film sensor laboratory at the Lewis Reseach Center 








1. Report No. 


|2. Government Accession No. 


3. 


Recipient's Catalog No. 


NASA TH-08851 

"i. Title and Subtitle 


5. Report Date 


Research Instrumentation for Hot Section Components 
of Turbine Engines 


fl. Performing Organization Code 


7. Authors) 


533-04-12 

Performing Organization Report No. 


Oavld R. England 


E-3241 

tO/Work Unit No. 


9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

12. Sponsoring Agency Name and Address 


11. Contract or Grant No. 


13. Type of Report and Period Covered 

Technical Memorandum 


National Aeronautics and Space Administration 
Washington, D.C. 20546 


14. Sponsoring Agency Code 


15. Supplementary Notes 


Prepared for the Symposium on Propulsion Instrumentation, cosponsored by the 
National Aeronautics and Space Administration and the Chinese Aeronautical 
Establishment, Jlangyou, People's Republic of China, October 6-10, 1986. 


10. Abstract 

Programs to develop research Instrumentation for use on hot section components 
of turbine engines are discussed. These programs can be separated Into two cat- 
egories: one category Includes Instruments which can measure the environment 

within the combustor and turbine components, the other Includes Instruments which 
measure the response of engine components to the Imposed environment. Included 
In the first category are Instruments to measure total heat flux and fluctuating 
gas temperature. High temperature strain measuring systems, thin film sensors 
(e.g., turbine blade thermocouples) and a system to view the Interior of a com- 
bustor during engine operation are programs which compose the second category. 

The paper will describe the state of development of these sensors and measuring 
systems and. In some cases, show examples of measurements made with this Instru- 
mentation. The discussion will cover work done at NASA Lewis and at various 
contractor facilities. 


17. Key Words (Suggested by Authors)) 

Hot section Instrumentation; Heat flux 
sensors; Dynamic gas temperature sensor; 
Strain measurement; Strain gage 

10. Distribution Statement 

Unclassified - unlimited 
STAR Category 35 

19. Security Classif. (of this report) 

Unclassified 

20. Security Classif. (of this page) 

Unclassified 

21. No. of pages 

22. Price* 


*For sale by the National Technical Information Service. Springfield. Virginia 22161 

























